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The excitability of a neuron depends on the different
inward and outward currents that flow across its mem-
b r a n e .T h es p e c i f i cr o l eo fA - t y p ea n dp e r s i s t e n tK - c u r -
rents in shaping neuronal excitability remains partially
unexplained by electrophysiological data. Drosophila
motor neurons provide a model system to study the dif-
ferential contributions of voltage-dependent K-currents
to the dynamics of the membrane potential. In this work,
the theoretical plausibility of existing hypotheses about
the differential involvement of A-type currents in delay-
ing spiking activity is examined through a mathematical
model constructed using known macroscopic biophysical
properties of voltage-dependent, slowly inactivating and
fast inactivating A-type Drosophila channels. The model
is constrained first by electrophysiological data, and an
analysis of the membrane dynamics is performed through
systematic variation of the ratios of the maximal whole-
membrane currents. Different ratios among the numbers
of the different channels in the model capture the basic
features of responses to square pulse stimulation pre-
viously observed in Drosophila motor neurons for
embryo, larvae and adult motor neurons, Kenyon cells,
and giant cultured cells. The model supports the notion
that slowly inactivating potassium currents are necessary
for sustained spiking activity. The model also supports
the hypothesis that early inactivating A-type K
+ (Shal)
channels are responsible for experimentally observed
delays in the onset of spiking. In contrast, Shaker A-type
channels with more depolarized steady state inactivation
also contribute to the delay to first spike, but less than
Shal. Instead, Shaker channels gate single and repetitive
spiking. Furthermore, the model elucidates a biophysical
mechanism that allows neurons to diversify their func-
tion, in this case by combining additive and resonant
properties. Our modeling results are consistent with
experimental results from different preparations includ-
ing Drosophila and lobster.
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